A total of 3,171 weanling pigs (PIC 327 × L42) with an initial body weight (BW) of 12.7 lb were used in a 39-d study with 66 or 67 pigs per fence-line feeder (experimental unit) and 12 replicates per treatment. Pens were blocked by BW and allotted to 1 of 4 dietary treatments in a randomized complete block design. The treatment structure was a 2 × 2 factorial with 0 or 1% cellulose (Arbocel, J. Rettenmaier USA, Schoolcraft, MI) and distillers dried grains with solubles (DDGS; 0 or 5% in Phase 1 and 0 or 15% in Phase 2). Dietary phases 1 and 2 were offered from d 0 to 10 and 10 to 25, respectively. From d 25 to 39, pigs received a common diet with 25% DDGS.
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Summary
A total of 3,171 weanling pigs (PIC 327 × L42) with an initial body weight (BW) of 12.7 lb were used in a 39-d study with 66 or 67 pigs per fence-line feeder (experimental unit) and 12 replicates per treatment. Pens were blocked by BW and allotted to 1 of 4 dietary treatments in a randomized complete block design. The treatment structure was a 2 × 2 factorial with 0 or 1% cellulose (Arbocel, J. Rettenmaier USA, Schoolcraft, MI) and distillers dried grains with solubles (DDGS; 0 or 5% in Phase 1 and 0 or 15% in Phase 2). Dietary phases 1 and 2 were offered from d 0 to 10 and 10 to 25, respectively. From d 25 to 39, pigs received a common diet with 25% DDGS.
Growth performance, pig removals, and economic variables were evaluated. From d 0 to 25, there was an interaction between cellulose and DDGS (P = 0.040) for average daily gain (ADG). Pigs fed diets with DDGS and cellulose had lower ADG than those fed diets without DDGS, with pigs fed diets with DDGS without the addition of cellulose having intermediate ADG. From d 25 to 39, there was a marginally significant interaction (P = 0.080) for average daily feed intake (ADFI). Pigs previously fed diets without DDGS and with cellulose had higher ADFI than those fed diets with DDGS and cellulose, and pigs previously fed diets without cellulose had similar ADFI regardless of DDGS inclusion.
In the overall period (d 0 to 39), there was an interaction between cellulose and DDGS (P = 0.021) for ADG, similar to d 0 to 25. There was a marginally significant interaction (P = 0.070) for pig removals. Adding cellulose to diets without DDGS resulted in numerical decrease in pig removals, but the inclusion of cellulose to diets with DDGS resulted in increased pig removals. For economics, an interaction was observed between cellulose and DDGS for income over feed cost (IOFC; P = 0.014). Pigs fed diets without DDGS and with the addition of cellulose had higher IOFC compared to pigs fed diets with DDGS and cellulose, with other treatments being intermediate.
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Appreciation is expressed to Holden Farms Inc. (Northfield, MN) for providing animals and research facilities and to J. Rettenmaier USA (Schoolcraft, MI) for providing cellulose product (Arbocel). In summary, the addition of cellulose to diets without DDGS resulted in slight improvements in pig removals and economic variables, with no evidence of impact on growth performance. The reduction in performance observed when cellulose was added to diets that contained DDGS may be due to a negative effect of the high fiber level.
Introduction
The nursery phase represents a period of high stress to pigs. Weaned pigs must adapt to abrupt dietary, social, and environmental changes. It is well known that the gastrointestinal tract (GIT) of a 3-to 4-week old pig is not fully developed to digest plant-based diets, and weaning stress can have a profound impact on the energy balance 3 and lead to morphological changes in the GIT. 4 Ultimately, these factors can influence nutrient utilization and compromise growth performance.
Dietary fiber has the ability to interact with both the GIT mucosa and microflora. Therefore, it may have an important role in gut health of young pigs. 4 In a recent review, Flis et al. 5 observed that dietary inclusion of insoluble fiber has the ability to improve growth performance, GIT development, and reduce the incidence of diarrhea and antibiotic interventions. Potential sources of insoluble fiber include wheat bran, oat hulls, or DDGS; however, these ingredients may contain mycotoxins or other components that can potentially reduce pig performance. Pure cellulose products allow for the addition of concentrated insoluble fiber to the diet without some of the risk associated with other sources.
Therefore, the objective of this study was to determine the effects of insoluble fiber sources, cellulose (Arbocel, J. Rettenmaier USA, Schoolcraft, MI) and DDGS, on growth performance of nursery pigs.
Procedures
The trial was conducted at a commercial research facility owned and operated by Holden Farms Inc. (Northfield, MN). A total of 3,171 pigs (PIC 327 × L42; 12.7 ± 0.17 lb initial BW) were used in a 39-d growth trial. There were 33 to 34 pigs per pen with two pens sharing a fenceline feeder. Therefore, there were 66 to 67 pigs per feeder, which served as the experimental unit. Pens were randomly assigned to dietary treatment within weight blocks. The treatment structure was a 2 × 2 factorial, with main effects of added cellulose (0 or 1%; Arbocel, J. Rettenmaier USA, Schoolcraft, MI) and DDGS (0 or 5% in phase 1 and 0 or 15% in phase 2 diets; Tables 1 and 2 ). Phase 1 diets were offered from placement until d 10, and phase 2 diets were offered from d 10 to 25. A common diet with 25% DDGS was offered from d 25 to 39. Daily feed additions to each feeder were accomplished using a robotic feeding system (FeedPro; Feedlogic Corp., Wilmar, MN) able to record feed amounts for individual pens.
Pens of pigs were weighed on d 0, 10, 18, 25, 32, and 39 of the trial to determine ADG, ADFI, and feed-to-gain ratio (F/G). An economic analysis was performed to determine the financial impact of dietary treatments, for which Arbocel was valued at $0.60/lb and DDGS at $114/ton. Feed cost per pig placed was calculated by multiplying the feed delivered to the pen by the feed cost and dividing by number of pigs placed. Revenue per pig placed was obtained by multiplying the final pen weight by an assumed value of $0.60 per lb of live weight and dividing by the number of pigs placed. Income over feed cost per pig placed was calculated by subtracting feed cost per pig placed from revenue.
Growth performance data were analyzed using the GLIMMIX procedure of SAS 9.4 (SAS Institute, Inc., Cary, NC) with two pens that shared a feeder as the experimental unit. The statistical model included dietary treatment as a fixed effect and block as a random effect. Removal data were analyzed with the GLIMMIX procedure specifying a binomial distribution. Results were considered significant at P ≤ 0.05 and marginally significant at 0.05 < P ≤ 0.10.
Results and Discussion
From d 0 to 25, there was an interaction between cellulose and DDGS (P = 0.040) for ADG (Table 3) . Pigs fed diets with DDGS and cellulose had lower ADG than those fed diets without DDGS, regardless of addition of cellulose, with pigs fed diets with DDGS without the addition of cellulose having intermediate ADG. There was no evidence for interaction (P > 0.10) for ADFI or F/G. However, pigs fed diets with DDGS had lower (main effect; P < 0.01) ADFI and a marginally significant (main effect; P = 0.062) improvement in F/G. There was a significant (main effect; P = 0.004) response to cellulose for F/G, with pigs not fed cellulose having an improvement in F/G compared with pigs fed cellulose.
From d 25 to 39, when pigs were fed a common diet, there was no evidence for differences in ADG and F/G (P > 0.10). However, there was a marginally significant interaction (P = 0.080) for ADFI. Pigs previously fed diets without DDGS and with cellulose had higher ADFI than those fed diets with DDGS and cellulose. Pigs previously fed diets without cellulose had similar ADFI regardless of DDGS inclusion.
In the overall period (d 0 to 39), there was an interaction between cellulose and DDGS (P = 0.021) for ADG, similar to d 0 to 25. Feeding diets with DDGS and cellulose resulted in lower ADG compared to diets without DDGS with or without cellulose, whereas pigs fed diets with DDGS without the addition of cellulose were intermediate. The changes in ADG were driven mainly by the marginally significant interaction (P = 0.057) for ADFI. There was no evidence for interaction (P > 0.10) for F/G. There was a main effect (P = 0.018) of DDGS for F/G, with improved F/G when pigs received diets with DDGS.
Molist et al. 6 observed that weaned pigs fed diets with 8% wheat bran, an insoluble fiber source, had improved ADFI and marginally significant improvement in ADG compared to pigs fed a control diet. A similar improvement in growth performance of weaned pigs was observed by Schedle et al.
7 using 3% wheat bran and Gerristsen et al.
8 observed greater ADFI with diets containing oat hulls and wheat straw. However, results are not consistent and others have observed no evidence for effects of fiber sources on growth performance of weaned pigs. 9 An additional challenge for trials conducted with weanling pigs is the high variability in performance observed the first few weeks after weaning. In a recent literature review, Flis et al. 5 summarized that trials showing increased ADFI from supplementing insoluble fiber showed a benefit ranging from 4 to 54% in weaned pigs.
There was a marginally significant interaction (P = 0.070) for pig removals. Adding cellulose to diets without DDGS resulted in numerical decrease in pig removals, while the inclusion of cellulose to diets with DDGS resulted in increased pig removals.
Regarding economic effects, there was an interaction for feed cost, revenue, and IOFC (P < 0.02). The interaction for feed cost was a result of pigs fed diets without DDGS and the addition of cellulose having higher feed cost compared to those that did not have cellulose in their diet. However, for pigs fed diets with DDGS there was no evidence for difference in feed cost between diets with or without cellulose. For revenue and IOFC, pigs fed diets without DDGS and with the addition of cellulose had higher revenue and IOFC compared to pigs fed diets with DDGS and cellulose. Pigs fed diets without cellulose had similar feed cost regardless of whether DDGS was added or not, and these diets had intermediate revenue and IOFC compared to pigs fed diets with cellulose.
In summary, results of this study indicate there is an interaction between added dietary cellulose and DDGS. When added to diets without DDGS, cellulose resulted in slight improvements in pig removals and economic variables, with no evidence of impact on growth performance. The reduction in performance observed when cellulose was added to diets that contained DDGS may suggest a negative effect of high levels of dietary fiber. Further research should evaluate different inclusion levels and the impact of cellulose on gut microbiota. Means with different superscript are significantly different (P ≤ 0.05).
x,y,z
Means with different superscript are marginally significantly different (0.05 < P ≤ 0.10). IOFC (income over feed cost) = revenue -feed cost.
